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ABSTRACT 

A hot-wire svstem, with software designed for calibrating and taking data with sin- 
gle, double and triple hot-wire sensors separately, or three probes at once, was verified 
and used to make wake measurements downstream of a compressor stator blade in a 
cascade wind tunnel. Using a single hot-wire probe, velocitv and turbulence data were 
obtained in the wake of the controlled-diffusion blade in order to verify LDV data taken 
in earlier studies. The tests were conducted at three inlet angles from near design inci- 
dence towards the expected stall condition at a Mach number of 0.25 and Reynolds 
number of about 700,000. Wake profiles were obtained froin 0.08 to 0.2 chord lengths 
downstream of the blade. Good agreement was found with LDV measurements. Meas- 
urements at the highest incidence angle showed that the wake constituted one third of 


the flow and yet no separation occured before the trailing edge on the suction side of the 
blade. 
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I. INTRODUCTION 


Controlled diffusion blades have been developed in recent. vears for single and 
multistage compressor applications. [hese blades are designed analytically to be 
shock-free at transonic Mach numbers and to avoid suction surface boundary laver 
separation and ensure stable compressor operation over a wider range of mlet condi- 
trons. High efficiency and high loading capability using such blade shapes leads to 
reduced development costs and improved surge margin in aircraft. engine. compressors 
(Ref. 1]. 

A numerical optimization technique to design controlled diffuston (CD) compressor 
blading was developed by Nelson L. Sanger of the NASA Lewis Research Center and 
used to replace the double circular arc blading in the stator of a two-stage fan [Ref. 2]. 
The midspan of the redesigned blade row was subsequently tested in the subsonic cas- 
cade wind tunnel at the Turbopropulston Laboratory, Naval Postgraduate School [Ref. 
3. The blade element performance was measured using calibrated pneumatic probe 
surveys, and surface pressure distributrons and blade surface flow distributions were 
compared with the design and analysis expectations [Ref. 4], 

In an attempt to resolve questions left in the earlier tests and to understand the loss 
behavior, John Dreon [Ref. 5} made wake measurements using a calibrated pneumatic 
probe. Dreon obtamed data from 0.12c to 1.71 fc (where c is the chord length of the 
blade) downstream of the blade for air inlet angles of 40.3 and 43.4 degrees. The data 
showed that the near wake was quite asymmetric. The side of the wake from the pressure 
side of the blade showed a very steep velocity gradient while that from the suction side 
had a more gradual variation in velocity. 

A more detailed study of the complete flow field through the CD blading was carried 
out recently by Elazar (Ref. 6] using a 2-component laser doppler velocimeter (LDV). 
As a part of that study, Elazar obtained wake data from 0.04c to 0.2c downstream of the 
blade for three inlet flow angles. The wake velocitv and turbulence distributions were 
mapped downstream of the blade. The wake thickness was found to increase with in- 
creasing flow angles. In general, there was reasonable agreement with Dreon's data for 
the velocity magnitude, and some disagreement in the flow angle. However, no data were 
available with which to confirm the turbulence levels indicated by the LDV measurement 


technique. 


Thus, the purpose of the present investigation was to retest the CD compressor 
stator blade in order to measure the wake downstream of the blade using a hot-wire 
system. Тре experiment was performed in the saine subsonic cascade wind tunnel used 
by Elazar, with the same 20 CD blades installed in the test section. After prelininary 
work to interface and verify the hardware and the software of the hot-wire instrumen- 
tation, and to devise a probe system which would allow the hot-wire to be calibrated 
during the experiment, data were taken in the cascade at three stations from 0.08c to 
0.200c downstream of the blade trailing edge for a total of three inlet flow angles froin 
design to near stall condition. 

[п general, very good agreement was found between the single sensor hot-wire sys- 
tem and the two-component LDV measurements of both the mean velocitv and the 
turbulence level at inlet angles of 40.0 and 46.0 degrees, despite the significant differences 
between the techniques. Data were also obtained at an inlet flow angle of 8, =48.0° for 
the first time. 

In the present report, following a description of the wind tunnel facility and test 
section in Section 2, The IBM-PC/AT controlled TSI hot-wire svstem and its operation 
are described in Section 3. The experimental procedure and program of measurements 
are given in Section 4. The results are presented and discussed in Section 5 and the data 
are hsted in tables in Appendix A. Finally, conclusions and reconunendations are given 


in Section 6. 


Ilu ۰ ۱ ИТҮ 

A. CASCADE WIND TUNNEL 

The subsonic cascade wind tunnel at the Turbopropulsion Labratory of the Naval 
Postgraduate School was used for the present tests. A schematic diagram of the tunnel 
is given in Figure I. The relevent features were outlined and a description of the flow in 
the tunnel was given by Sanger and Shreeve [Ref. 4: p. 46J. The test section instrumen- 
tation and physical dimensions are given in Figure 2. The CD blade coordinates are 
given in Table I. The geometrical parameters of the cascade and the nominal test con- 
dittons are given in Tables 2 and 3 respectively. 

The test facility was the same as that used by Dreon. The only differences com- 
pared to Dreon's work, were in the settings for the inlet flow angles, and in the dual- 


probe traverse and axial probe locations. 


D. PROBES AND TRAVERSE ARRANGEMENT 

A dual-probe traverse arrangement was devised and installed to survey in the wake 
of the 7th cascade blade as shown m Figure 3. A TS] model 1210-11.5 single sensor hot 
wire mounted in a Model 1150-18 probe support and Model 1152 right angle adapter 
were inserted into a modified United Sensor Corporation manual traverse unit such that 
the sensor was at the same station as the tip of a United Sensor Model PBC-24-G-22-KL 
Pitot-Static Probe. The manual (spanwise) traverse unit was mounted to a manual 
blade-to-blade traverse table, which was attached to the frame of the side wall. The axtal 
location of the dual-probe arrangement was changed using alumunium blocks. The 


probe locations are shown in Figure 4. 


С. AUXILIARY INSTRUMENTATION 

The plenum chamber total pressure was obtained using a pressure tube and the 
temperature was obtained with a thermocouple suspended into the plenum. A second 
pitot-static tube aligned with. the inlet flow was used to obtain inlet total and static 
pressures. The pressures from the plenum and tlic two pitot-static probes were con- 
nected to a l0-tube water manometer referenced to atmosphere. Plenuin and inlet flow 
conditions were recorded to obtain inlet velocity, Mach number and Reynold number. 


The calculation of the reference conditions ts given in the Appendix B. 
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Table 1. COORDINATES of the CD BLADE 


x-coord.(11) y-coord.(imMpressure side) | v-coord.(in)(suction side) 


ООО а сан 0.054 
реј 
በ.444 0.307 
0.666 0,403 
0.888 0.488 
ЕШ ЕТ 
1.332 0.621 
1553 0.003 
1.776 0.691 
EX 0.705 
2.220 0,708 
ЕТЕ ото 
2.604 ㆍ 0.681 
ЖТ 0.650 
3.108 0.610 
3.330 0.563 
X ТЕДІ 
тт: DE 
3996 993 
1214 1333 
4.440 0.270 
1552 0.145 
1935 | 


4.964 0.122 


5.010 0.062 0.002 









Table 2. GEOMETRICAL PARAMETERS of the CASCADE 
Number of Blades 20 
Chord 501 
Blade Spacing BO 
ох 1.67 


Thickness 7% Chord 


Leading Edge Radius 0.045” 
1 ۲۸۱۱۱۱۱۱۵ Edge Radius 0.062” 
Setting Angle 14,2% 0.1 
Stagger Angle | 14.4 ፦ 0.1" 
Span 10.07 





Table 3. NONIINAL TEST CONDITIONS 
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Figure 3. 


View of the Cascade Wind Tunnel and Dual-Probe Traverse Installation. 


Downstream of the blade trailing edge 
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Figure 4. Probe Survey Stations. 


НІ. HOT-WIRE SYSTEM 


A. HARDWARE 

The hot-wire svstem consisted, as shown in Figure 5., of the probe, the TSI IPA 100 
Anemometer, [SI IFA 200 Digitizer and an IBM PC-AT. The computer system included 
SI2K of memory, a 10MB hard disk and two 1.2MB Порру disks, a printer adapter card 
and a color graphics card, and a math co-processor. A TSI 6260 paraltch interface card 


and a serial, parallel adapter were used to conununicate with the IFA 100 and ПА 200. 


D. SOFTWARE AND DATA ACQUISITION: 

The TSI data analysis package (DAP) was used to obtain detaited fluid dynamic 
properties from the voltage output of a multi-element thermal anemometer systern. One 
or two component data can be obtained depending on the probe used. The analog probe 
outputs from each anemometer channel are digitized and sent to the computer. The 
digitized data are converted to velocity using calibration information. At the same time 
the data are corrected for the effect of temperature on the velocity. 

|he IFA Thermal Anemometry Software Package is inade up of six program pack- 
ages ; 

Calibration Program 
Data Acquisition Program 
Statistical Analysis Program 
Spectrum Correlation Program 
Traverse Table Control Program 
[ low Field Plot Program. 
The interrelation between the progranis is illustrated in. Figure 6. 
1. Calibration Program 
This is a stand alone program in the IFA Thernial Anemometry Software 
Package. The program ts used to calibrate single-, cross- and triple sensor probes. The 
voltage is fitted to a fourth order polvnonnal, the constants of which are used to produce 
“look-up tables”. The look-up table for a particular probe is used with data taken with 
the acquisition program, to find the velocity corresponding to the deconditioned, 
temperature-corrected, digitized voltage. 
Four methods mav be used to calibrate; namely, 


a. using data taken with the [fA 100 and 200 and a pressure transducer. 


b. using data taken with tlie IFA 100 and 200 and manually entering 
differential pressure. 
c. using data taken with the IFA 100 and 200 and manually entering velocity, 
d. bv manually entering bridge voltage and pressure directly. In this case 
no data are acquired from the IFA 100 via DMA. 
2. Data Acquisition Program 
This program is designed to acquire data with I, 2 and 3 sensor hot-wire con- 
figurations. It allows control of the anemometer and digitizer systems. It can take data 
up to 16 channels and store them in raw data files. The communication between the 
computer and the IF A 100 or IFA 200 can also be verified in this program. 
3. Statistical Analysis Program 
This program generates the velocity data and the statistics from the raw data 
files created bv the Data Acquisition Program. The look-up tables are used when con- 
verting the raw voltage into an effective velocity. During the statistical data processing, 
no additional parameters are entered to build the velocity data and statistics. All the 
parameters required by the program are set in the Data Acquisition Program and saved 
m the header of the raw data file. The Statistical Analysis Program constructs the ve- 
locity data and statistics for all probes that are defined when data are collected. It coin- 
61105 single-, cross- and triple-wire probes signals when collecting data: The program 
then constructs the velocity data and statistics for all of them at one time. Finally the 
program saves the data in the velocitv and statistics files. 
4. Spectrum Correlation Program 
This program builds the signal spectrum, the signal auto-correlation and the 
two-signal correlation functions. It uses the velocity data produced by the statistics 
analysis program. The spectra and correlations are built using a Fast Fourier Transforin 
(IFT) algorithm for spectra. The data are transformed to the frequency domain to be 
averaged and smoothed with the Hanining window. For correlations, the data are trans- 
formed to the frequency domain, multiplied by the conjugates of one another and 
transformed back to the time doinain for averaging. Both processes use the seginentation 
method to transforn the data. 
This program allows the construction of the requested spectrum or correlation 
Usinesseermentaton and the EFT. Theseran be displayed on the screen, plotted or 


printed out as tables. The data can be saved for future processing. 


5. Traverse Table Control Prograin 
This program allows independent control of the movement of the Traverse la- 
ble. It also constructs an automatic traversing matrix that can be used as a list of coor- 
dinate positions. The Data Acquisition Program will use this matrix to automatically 
collect data along a pre-determined coordinate path. This program can be used with a 
151 computer-controlled traverse table. Alternatively, the position of the probe can be 
entered manually, to be recorded with the corresponding data. This was done in the 
present study. 
6. Flow Field Plot program 
This program is designed to plot statistical values such as mean velocity. RMS, skewness 
coelTicients, flatness coefficients, and correlation coefficients vs the probe position. The 
inputs to the program are the raw data files and the analysis [iles generated by the Data 
Acquisition Program and Statistics Analvsis Program. Multiple data files can be used to 
plot anv statistical parameter as a function of position. 
The program offers four unportant functions: 

The plot-file can read up to 30 family filenames; each fanuly can have up to 

99 data files. 

The plot can generate up to 400 statistical positions. 

„The data used in the plot can be printed on a printer. 

The plots may be non-dimenstonalized, automatically scaled, or manually 

scaled. 


More detailed information 1s given in [Ref. 7]. 
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IV. EXPERIMENTAL PROCEDURE 


A. TEST SECTION SET UP AND ADJUSTMENTS. 

Prior to measurements of cach inlet flow angle, the front plexiglas wall of the wind 
tunnel was removed and the inlet wall angle and IGV’s were set. Ihe wall was replaced, 
the tunnel was started and the tailboard angles were adjusted to get a uniform outlet 
static pressure distribution. The absence of leaks was checked very carefully. Then the 


experiment was performed for the current inlet condition. 


B. SURVEY PROCEDURE 
l. Probe Calibration 

Prior to the experiment, the IFA 100 Flow Analyzer and IFA 200 Digitizer were 
made ready to take data. First. a shorting probe was inserted into the probe holder and 
the probe cable resistance was measured. The value was entered into the IFA 100 
memory. Then the shorting probe was removed and the hot-wire was inserted into the 
probe holder. Ihe probe resistance was measured and recorded into the IFA 100 mem- 
orv. Related to the cable resistance and the cold resistance, the operating resistance was 
obtained and entered into the memory. (Ihe software is designed to accept those values 
and to enter them into the program for future use. The resistance values are assigned 
to the particular probe serial number and channel number to which it 1s connected). 

The signal conditioner was adjusted to span the minimum and maximum wire 
voltages to be recorded during the measurements. These voltages correspond to mini- 
mum and maximum expected flow velocities. While acquiring. velocity data, the. changes 
ofthe supply temperature were recorded and entered into the program to facilitate 
corrections. A complete description of the calibration procedure is given in [Ref. 7: 
p. 45]. 

The probe calibration was carried out immediately prior to measurements with 
the hot-wire installed in the dual-probe traverse mechanism in the cascade wind tunnel. 
The probes were traversed to a position outside of the blade wake where the flow was 
uniforin. The hot-wire sensor and the pitot-static tube total pressure hole were at the 
same axial station. The span-wise traverse was adjusted so that the two probes were also 
equidistant from mid-span. The first point in the calibration was with the tunnel off. 
Then, the tunnel was started, and for a number of wind tunnel speeds up to the desired 


operating speed, calibration data were recorded. At each speed, the hot-wire output was 


sampled and the corresponding pitot-static pressure differential was entered as re- 
quested. The prograin then fitted these data with a fourth order polvnomial of velocity 
vs. voltage and calculated the five constants. The five constants were saved in a file, 
refered to as a “Look-up table” and also stored in every subsequent raw data file con- 
taining measurements. 
2. Surveys 
а. Upstream Probe Survey 
A preliminary survey was made with the upstream pitot-static probe ap- 
proximately 4.75 inches upstream of the test blade. When it was verified that the velocity 
did not vary in the blade-to-blade direction, the probe was fixed at a station one blade 
passage away from the test blade to avoid disturbing the flow around the test blade. The 
probe was aligned carcfullv to inlet flow direction. 
b. Downstream Probe Survey 
The hot-wire in the dual-probe system was located at midspan in 
inidpassage and traversed in the blade-to-blade direction through the wake of the test 
blade. Data were recorded across one blade spacing for a total of 33 points. The incre- 


ments were 0.1-0.2 inches outside and 0.05 inches inside the wake. 


C. PROGRAM OF MEASUREMENTS 
The data were taken at three axial stations for a total of three inlet flow angles from 


on design to near stall conditions. Ihe program of measurements is given in Table 4. 
Table 4. PROGRAM of MEASUREMENTS 
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V. RESULTS AND DISCUSSION 


А. WAKE VELOCITY DISTRIBUTIONS 

Ihe plots of the downstream wake survevs aie given in Figures 7-9 for inlet {low 
angles f, z 40.0? , fj, z 46.0? and ff, = 48.0" respectively. The velocity shown on the plots 
was made non-dimensional with respect to inlet flow velocity. 

In general, the wake shape downstream of the blading was qualitatively as expected 
following Dreon [Ref. 5: p. 38]. The pressure side of the wake had a verv steep velocity 
gradient while the suction side had a more gradual velocity gradient. 

The magnitude of the wake velocity changed depending on inlet flow angle and the 
axial displacement. For design inlet conditions, (f, = 40.0°) the wake was nearly syni- 
metric at the three axial stations. As can be seen from Figure 7, the freestream velocity 
decreased from the first downstream location to far downstream while the nunimum ve- 
Шоп the wake mereascd. The Íreestream velocity was about 86% of the inlet flow 
Месси ала гие ипо was арош 1620 of the inlet velocity at Y =0.08c. The [rec 
stream velocity decreased to 84° and the inininum . increased to 40% of tlie inlet flow 
velocity at Y=0.2c. 

At higher inlet flow angle, fj, = 46.0°, the wake velocity distribution at the suction 
side of the blade becaine thicker with a reduced velocity gradient while the pressure side 
kept nearly the same shape as for the design condition. Ihe change in the magnitudes 
of the velocities can be scen in Figure 8. The freestreain velocity was about 80°0 of the 
inlet flow velocitv. The minimum velocity was about 11%. at Y=0.08c, 17% at 
Y =0.123c and 26% at Y —70.2c with respect to inlet velocity. 

At fj, 2 48.07, the wake was even wider. Ilowever, the freestream velocity outside 
wake was about 8626 of the inlet velocity at Y =0.08c, 85% at Y =0,123c and 0.2c which 
was very similar to the design conditions. But the nunimuin velocity was about 13% of 
the inlet velocity at Y = 0.08c, 18% at Y =0.123c and 2490 at Y =0.2c, which were lower 
than the nunimum velocities at design conditions. 

The wake velocities at the three inlet angles are compared in Figures 10 and 11. It 
is noted that before the rneasurements were made , flow separation was expected to oc- 
cur near the trailing edge of the blade at f), = 48.0° . However, in an examination using 


tufts, no indications of separation or on-set of stall were found. Thus, the three wakes 


shown m Figures 10 and Il were generated from progressively thicker, but attached, 
boundary layers leaving the trailing edge of the blade. 

The data obtamed with the hot-wire system are shown for comparision with data 
obtained using the LDV [Ref. 6: p. 1345] in Figures 12 and 13. Veirv good agreement was 
found at both //j, =40.0° and £, =46.0°, at Y=0.123e. No LDV data were taken at 
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B. TURBULENCE INTENSITY DISTRIBUTIONS 

Turbulence intensity measurements are shown in Ligures 14-16. The comparisions 
at the three stations for the three inlet flow angles are given in Figures 17 and 18. 
Comparisions with LDV measurements at f, 2 40.0? and fl, = 46.0? are shown in l'igures 
| У апа 20, пе сш ү 

l'or the design condition, (f, 2 40.0?) , the pressure side of the wake had a peak 
turbulence level higher than the peak value on the suction side of the wake. The maxi- 
mum values of about 10°%% were almost the same at Y 2 0.08c and Y 20.123c. The max- 
uinum declined to about 9?» far downstream of the blade. 

At the higher inlet flow angle of fj, 2 46.0^, the peak values of the turbulence were 
on the suction side of the wake, in contrast to design conditions. The thickness of the 
turbulent region was wider than at the design condition, consistent with the velocity 
distribution at this inlet angle. The peak turbulence values were about 11% at all axial 
Stations. 

Close to the expected stall condition, at fj, = 46.0" , the turbulent layer was much 
thicker and the magnitude of the turbulence intensity was larger than at the other two 
inlet flow angles. There were also three peak values in the distribution, rather tlian two. 
The highest value was about 13% towards the suction side of the midpoint of the wake, 
the second-was at the suction side of the wake with a. magnitude of about 1275, the third 
was on the pressure side of tlie wake, with a magnitude of about 1195. 

Comparisions with LDV data are shown in Figures 19 and 20. They were seen to 
agree very well except near the center of the wake. Significant difTerences can be seen in 
the plots. There are at least two possible explanations for these differences. The first is 
the fundamental difference in the measurements of the systems. [he LDV takes two 
components of the turbulence and averages them, while the hot wire measures a single 
component. The contributions of the two velocity components need not necesarily be 
the same. The second possibility is that the particles measured by the LDV do not follow 


the flow perfectly in these regions. 
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VI. CONCLUSIONS AND RECOMMENDATIONS 


From the program of hot-wire measurements and comparision with data obtained 
using a two component LDV svstem, the following conclusions were drawn: 

a. Lhe hardware and the software of the hot-wire svstem were verified for single 
channel operation with manual mput of probe position. The software was not difficult 
to use. 

b. The wake velocity distribution data agreed with LDV wake velocity to within 
the accuracy of the measurements. 

с. Turbulence intensity data agreed well wrth LDV turbulence intensity data in 
spite of differences in the methods used by the two inethods to calculate turbulence level, 
An exception to thrs gencral agreement was found in the center of the Wake sr r ms 
hot-wirc recorded a reduced level of turbulence and the LDV did not. 

d. Observations at fj, = 48.0° did not show anv indication of impending stall. The 
blade suction side boundary laver appeared to be fully attached to the beginning of the 
traning edge curvature. 

The following recommendations are made: 

a. Since the cascade wind tunnel temperature fluctuates somewhat, particularly 
carly in a run, an alternate calibration procedure should be considered. Optimumly, the 
hot-wire needs to be in an environment in Which the temperature does not change at all 
during the calibration. Temperature fluctuations are not a problem while measurements 
are being made. 

b. Effort should be made to provide positive seals on the moving sections of the 
cascade to clinunate the need for extensive taping. The elmmination of Icaks is critical in 
obtaining proper cascade flow conditions. 

c. A computer-controlled automatic traverse umit would greatly improve the ac- 


curacy In specifving probe displacement and also speed the process of data acquisition. 
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APPENDIX A. 


Table 5. 


WAKE DISTRIBUTION DATA at f, = 40.0°, Y = 0.08c 


2 
© со — C. Q L. م س یام نن‎ 


ОЈ Ww Us UY PY МӘ WN N DD DD NN N o mm. =— = 
ws N = C М со +) C Сл AL U س لیا‎ © YD Со +) ДА С Lwn — E 


x(in.) 


-1.500 
-1.300 
-1.100 
-0.900 
-0.700 
-0.600 
-0.500 
-0.450 
-0.400 
-0.350 
-0.300 
-0.250 
-0.200 
-0.150 
-0.100 
-0.050 
0.000 
0.050 
0.100 
0.150 
0.200 
0.250 
0.300 
0.350 
0.400 
0.450 
0.500 
0.600 
0.700 
0.900 
1.100 
1.300 
1.500 


TABULATED REDUCED DATA 


(m/s) 


ПОО 
78.131 
78.131 
78.131 
78.131 
78.131 
77.641 
77.641 
77.641 
77.641 
77.641 
77.641 
77.641 
77.641 
17.641 
11.641 
77.641 
77.641 
77.641 
ONIS 
76.153 
761153 
76.153 
76.153 
He Sa 
76.153 
70.153 
70153 
70133 
76.153 
76.153 
10.53 
MOTOS 
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(m/s) 
67.940 
07.29U 
67.210 
66.950 
67.020 
66.730 
66.690 
60.450 
66.380 
66.620 
66.330 
65.690 
65.830 
63.210 
50.900 
33.140 
17.540 
13.910 
24.50 
40.100 
50.500 
60.120 
63.030 
63.760 
63.950 
63.940 
64.080 
63.830 
64.250 
63.860 
64.120 
63.910 
63.520 


X 

0.87 
0.86 
0.86 
0.80 
0.86 
0.85 
0.86 
0.86 
0.85 
0.86 
0.85 
0.85 
0.85 
0.81 
0.66 
0.43 
0.23 
0.18 
0.32 
0.53 
0.66 
0.79 
0.83 
0.84 
0.84 
0.84 
0.84 
0.84 
0.84 
0.84 
0.84 
0.84 
0.83 


I. ( 29 ) 


1.17 
220 
20 
220 
‚24 
18 
‚30 
E 
1.28 
1.33 
1.42 
1.47 
210 
4.57 
9.43 
10.22 
2:20 
965 
9.68 
8.01 
6.21 
Dos 
1.02 
1.41 
1.34 
1.14 
1.20 
1.20 
MiS 
1.20 
1.19 
1.24 
127 


Table 6. 


WAKE DISTRIBUTION DATA at Û, = 40.0?, 12 0.123c 


Y 
O 


Да U N = 


= = 
— c 9 0-4 Ол 


ка ра м.а oe pe 
шо оо -4 @ tn L, WwW tJ 


2 ко ка го N N 
CA фа Сл ка e С 


x(in.) 


- 1.500 
- 1.300 
-1.100 
-0.900 
-0.700 
-0.600 
-0.500 
-0.450 
-0.400 
-0.350 
-0.300 
-0.250 
-0.200 
-0.150 
-0.100 
-0.050 
0.000 
0.050 
0.100 
0.150 
0.200 
0.250 
0.300 
0.350 
0.400 
0.450 
0.500 
0.600 
0.700 
0.900 
1.100 
1.300 
1.500 


(m/s) 


76.652 
76.652 
76.652 
204933 
62153 
76.193 
76.153 
76.153 
76.153 
7 
76.153 
76.153 
76.153 
76.153 
76.153 
015} 
76.153 
TOD 
76.153 
76.153 
10.195 
76.153 
76.153 
16 153 
T3 2072 
75.902 
72902 
13:902 
73.902 
9902 
75.902 
13-902 
75:902 


И (па) 
05.830 
05.540 
65.280 
64.580 
64.530 
64.890 
64.370 
64.420 
64.520 
64.480 
64.140 
64.180 
64.340 
64.110 
60.050 
47.460 
35.180 
24.230 
23.150 
32.690 
45.270 
57.020 
62.920 
64.450 
64.100 
64.160 
64.550 
64.530 
64.620 
64.640 
64.680 
64.690 
64.500 
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x 

0.86 
0.86 
0.85 
0.85 
0.85 
0.85 
0.85 
0.85 
0.85 
0.85 
0.84 
0.84 
0.84 
0.84 
0.79 
0.62 
0.46 
(12 
0.30 
0.43 
0.59 
0.75 
0.83 
0.85 
0.84 
0.85 
085 
0.85 
0.85 
0.85 
0.85 
0.85 
0.85 


ፌ (05) 
1:272 
1.33 
1725 
1.28 
1.24 
27 
1.23 
1.14 
1.20 
1.26 
1.38 
1.59 
1.95 
2.90 
6.02 
DS 
9.82 
8.45 
9.53 
9.42 
7.95 
5.54 
J 
1.09 
1.30 
1.23 
1.30 
123 
[2] 
1.20 
1517 
1.21 
125 


Table 7. 


WAKE DISTRIBUTION DATA at fj, = 40.0?, Y = 0.2c 


x(in.) 


(m/s) 


-1.500 
-1.300 
-1.100 
-0.900 
-0.700 
-0.600 
-0.500 
-0.450 
-0.400 
-0.350 
-0.300 
-0.250 
-0.200 
-0.150 
-0.100 
-0.050 
0.000 
0,050 
0,100 
0.150 
0.200 
0250 
0.300 
0.350 
0.400 
0.450 
0.500 
0.600 
0.700 
0.900 
1.100 
1.300 
1.500 


76.403 
76.403 
76.403 
76.403 
76.403 
76.403 
76.403 
76.403 
76.403 
76.403 
76.403 
76.403 
76.403 
76.403 
76.403 
76.403 
76.403 
76.403 
76.403 
76.403 
76.403 
76.403 
76.403 
76.403 
75.902 
75.902 
75.902 
75.902 
75.902 
75.902 
15.902 
75902 
799902 


(па, 5) 
64.450 


| 64.500 


64.420 
64.230 
64.080 
64.140 
63.920 
63.930 
63.850 
63.520 
63.230 
62.910 
63.190 
63.010 
60.260 
54.260 
43.730 
35.740 
30.540 
34.930 
42.460 
52.070 
60.360 
62.740 
63.120 
63.200 
63.000 
62.890 
63.040 
63.110 
63.190 
63.230 
62.890 


D 


X 
0.84 
0.84 
0.84 
0.84 
0.84 
0.84 
0.84 
0.84 
0.84 
0.83 
0.83 
0.82 
0.83 
0.82 
0.79 
0.71 
0.60 
0.47 
0.40 
0.40 
0.56 
0.68 
0.79 
0.82 
0.83 
0.83 
0.53 
0.83 
0.83 
0.83 
0.83 
0.83 
0.83 


Їж. (79) 
1.13 
en 
1.16 
1.24 
pon 
ІШЕ 
1.15 
1.14 
E) 
[12 
1.36 
1.73 
2.16 
3.08 
6.04 
За 
9.42 
9.14 
7.61 
8.36 
8.96 
ШЕ 
4.72 
205 
1.50 
1.38 
1.36 
1.23 
[26 
22 
1.20 
1.34 
1.38 


Table 8. WAKE DISTRIBUTION DATA at B, = 40.07, Ү = 0.08с 


No x(in.) rms) РҮШ) X (00 
1 -1.500 76.403 60.890 0.797 1.019 
2 -1.300 76.403 60.760 0.795 1.031 
3 -1.100 76.403 60.730 0.795 1.083 
4 -0.900 76.403 60.820 0.796 0.990 
5 -0.700 76.403 60.640 0.794 1.022 
6 -0.600 76.403 60.940 0.798 1.039 
7 -0,500 76.403 61.160 0.800 1.104 
8 -0.450 76.403 60.730 0.795 1.071 
9 -0.400 76.403 60.680 0.794 раз 
10 -0,350 70.403 60.550 0.793 1293 
11 -0.300 76.403 60.810 0.796 1.260 
» -0.250 76.403 61.020 0.799 1.380 
13 -0.200 76.403 61.000 0.798 2 
14 -0.150 76.403 515950 0,751 5.340 
15 -0.100 76.403 42.010 0.550 9.144 
10 -0.050 76.403 21.610 0.283 9.493 
17 0.000 76.403 9.972 0.131 8.645 
18 0.050 76.403 8.081 0.114 3.865 
19 0.100 76.403 13.730 0.180 10.598 
20 0.150 76.403 19.830 0.260 11.016 
21 0.200 76.403 25.210 0.330 10.275 
22 0.250 76.403 30.370 0.397 9.974 
23 0.300 76.403 38.070 0.498 9.189 
24 0.350 76.403 42.490 0.556 8.209 
25 0.400 76.403 47.000 0.615 8.040 
26 0.450 76.403 51.540 0.675 Oo 
27 0.500 70.403 55.650 0.728 5.330 
28 0.600 76.403 60.580 0.793 p.395 
29 0.700 76.403 60.930 0.797 337 
30 0.900 76.403 60.970 0.798 1.148 
31 1.100 76.403 61.1()0 0.800 1.066 
57 1.300 76.403 61.200 0.801 1.073 
B5 1.500 76.403 60.880 0.797 1.110 


Table 9. 


WAKE DISTRIBUTION DATA at В, = 46.0°, Y 2 0.123c 


и 
© со -а ቻው. ‹ፌ ሠ یه‎ oy 


Ку = O OO Со о) С Un E س رم یی‎ © 


t3 


(2 Uy Uy (5: рә ҒӘ t9 IM NM 
WN = OO CAA NH E 


x(1n.) 
- 1.500 
- 1.300 
- 1.100 
-0.900 
-0.700 
-0.600 
-0.500 
-0.450 
-0.400 
-0.350 
-0.300 
-0.250 
-0.200 
-0.150 
-0.100 
-0.050 
0.000 
0.050 
0.100 
0.150 
0.200 
0.250 
0.300 
0,350 
0.400 
0.450 
0.500 
0.600 
0.700 
0.900 
1.100 
1.300 
1.500 


Р (пла, 5) 


78.500 


О 


700995 
712835 
> 
2395 
11595 
Ши» 
11. 395 
ESOS 
41.95 
posu 
ነ 
0895 
T93 
72895 
71:39) 
22395 
7395 
17395 
DOS 
70.052 
ገ ር 22 
76.652 
76.052 
7ዕ.ዕ52 
70.052 
76.652 
76.652 
76.652 
76.652 
76.652 
16.652 
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L (m/s) 
62.050 
62.230 
62.020 
61.750 
61.350 
60.980 
60.950 
60.840 
60.910 
60.480 
60.430 
60.440 
60.710 
58.120 
47.730 
32.470 
19.840 
13.000 
15.110 
19.020 
22.920 
30.520 
35.920 
40.870 
46.230 
50.010 
53.670 
59.470 
60.430 
60.830 
60.440 
61.100 
61.240 


Ж 

0.787 
0.789 
0.801 

0.798 

0.793 

0.788 
0.788 
0.786 
0.787 
0.781 
0.781 
0.781 
0.784 
0.751 
0.617 
0.420 
0.256 
0.168 
0.195 
0.246 
0.296 
0.398 
0.469 
0.533 
0.603 
0.652 
0.700 
0.776 
0.788 
0.794 
0.788 
0.797 
0.799 


Го) 


1.130 
1.062 
A 
1.012 
1.004 
۱ 
1.040 
1.083 
1.185 
1.279 
379 
1.747 
2 
9.037 
9.150 
10.527 
9157 
8.193 
9.814 
ШІСІ 
እ! 
92971 
9.306 
8.905 
۱ 
7.100 
6.251 
2.858 
1.424 
1125 
1.100 
1.124 
1.042 


Table 10. WAKE DISTRIBUTION DATA at f, 2 46.0, Y 2 0.2c 


NO x(in.) И(пу5) Кпп/5) Х Т, (9%) 
1 -1.500 78,500 62.830 01797 1:224 
7 -1.300 78,800 62.530 0.793 ЕШ 
3 -1.100 78.860 62.990 0.799 1.043 
4 -0.900 78.860 62.600 0.794 1.164 
5 -0.700 78.860 62.990 0.799 1.173 
6 -0.600 78.860 62.880 0.797 1.062 
7 -0.500 78.860 62.770 0.796 1.102 
8 -0.450 78.860 62.820 0.797 1.150 
9 -0.400 78.860 62.640 0.794 1.264 
10 -0.350 78.860 62.160 0.788 1.208 
11 -0.300 78.860 62.980 0.799 1.440 
12 -0.250 295 60.850 0.787 1.759 
13 -0.200 77395 60.970 0.788 2.276 
14 -0.150 7113595 60.370 0.780 3.579 
15 -0.100 7305 53.130 0.686 6.401 
10 -0.050 71.395 46.880 0.606 9.035 
17 0.000 20805 37.400 0.483 10.703 
18 0.050 77.395 27.920 0.361 9.985 
19 0.100 71.395 21.010 0.271 8.581 
20 0.150 71.095 20.220 0.261 8.769 
21 0.200 77.395 21.900 0.283 9,861 
22 0.250 77.395 23.460 0.303 11.011 
25 0.300 11595 28.240 0.305 10.657 
24 0.350 77.395 30.510 0.472 9.401 
25 0.400 11.395 40.190 0.519 228 
26 0.450 77.395 44.410 0.574 8.999 
27 0.500 17595 48.290 0.624 2523 
28 0.600 DUE 55.350 0.715 5.4706 
29 0.700 77.395 01.150 0.790 2.391 
30 0.900 158395 61.660 0.797 1.237 
3l 1.100 71.395 61.430 0.794 1.142 
32 1.300 (7395 61.820 0.799 1.083 
33 1.500 ESOS 61.100 0.789 1.103 
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Table 11. WAKE DISTRIBUTION DATA at ß, = 48.0°, Y = 0.08c 


No x(in.) (mis) ۲ (1115) A በ) 
1 -1.300 76.901 66.740 0.87 1.17 
2 -1.100 70.901 66.300 0.86 1. 1() 
3 -0.800 76.901 66.510 0.86 1.06 
4 -0.600 76.901 66.480 0.80 1.15 
3 -0.500 10,901 66.220 0.56 1.15 
6 -0.100 76.901 66.920 0.87 1.07 
y -0.300 76.901 66.970 (57 Û 
8 -0.200 76.901 67.400 0.88 1.38 
9 -0.150 76.901 67.180 0.87 1.82 

10 -0.100 76.901 66.010 0.56 4.86 
11 -0.050 76.901 52.630 0.68 10.75 
12 0.000 76.901 20 120 0.38 12.83 
13 0.050 76.901 13.670 0.18 10.16 
14 0.100 70.901 10.010 0.13 10.42 
15 0.150 76.901 11.420 0.15 11.78 
10 0.200 76.901 [4.760 0.19 12.17 
17 0.250 76.901 18.460 0.24 155 
18 0.300 76.901 23.980 0.31 13.85 
19 0.350 76.901 27.940 0.36 13.15 
0.400 76.901 34.820 0.45 13.06 
21 0,450 76.901 37.560 0.49 ] 3.33 
Ди 0.500 76.901 43.130 0.56 12.10 
23 0.550 76.901 47.730 0.62 11.16 
24 0.600 76.901 52.470 0.68 11.09 

25 0.650 76.901 55.280 0.72 10.27 

26 0.700 76.901 58.350 0.76 9.01 

27 0.800 76.901 64.620 0.84 5.49 

28 0.900 76.901 67.020 0.87 2203 

20 1.000 70.901 67.200 0.87 1.76 

30 1.100 76.901 67.190 0.37 1.38 

31 1.200 70.901 66.380 0.86 n 

2 1.300 76.901 66.580 0.87 1725 

33 1.500 76.901 66.620 0.8 7 1726 
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Table 12. WAKE DISTRIBUTION DATA at fl, = 48.0“, Ү = 0.123с 
NO x(in.) | (ከ15) ms) X 1, (о) 
| - 1.500 73.618 66.440 0.85 1.08 
2 -1.300 78.618 66.630 0.85 1.07 
3 - 1.000 78.618 66.460 0.85 1512 
4 -0.500 78.131 66.450 0.85 1.10 
5 -0.600 78.131 66.900 0.36 1.26 
6 -0.500 78.131 66.390 0.85 1.10 
7 -0.400 77.641 66.920 0.86 1.14 
8 -0.350 77.641 00.890 0.86 |... 
9 -0.300 71.641 66.200 0.85 1.39 
10 -0.250 77.641 66.660 0.86 1.53 
11 -0.200 71.641 66.490 0.86 1.88 
12 -0.150 71.641 66.640 0.86 2.96 
13 -0.100 77.041 03.070 0.81 0.41 
14 -0,050 77.041 49.360 0.64 11.82 
15 0.000 77,041 32.540 0.42 13.02 
16 0.050 77.041 17.970 0.23 10.53 
17 0.100 77.641 13.890 0.18 9.89 
18 0.200 71.641 15.200 0.20 11.21 
19 0.250 71.64] 16.860 022 12.44 
20 0.300 77.041 21.010 0.27 13.34 
21 0.350 71.641 24.720 0.32 [2.57 
27 0.400 77.641 30.090 0.39 82.92 
23 0.450 77.641 34.500 0.44 13.09 
24 0.500 77.041 38.280 0.49 12.02 
25 0.550 71.641 43.930 0.57 11.43 
26 0.600 77.641 46.810 0.60 11.69 
27 0.700 71.641 55,400 0.71 9.97 
28 0,800 77.641 62.810 0.81 7.02 
29 0.900 77.641 66.350 0.85 3.41 
30 1.000 77.64] 66.280 0.85 2.15 
31 1.100 71.641 66.300 0.85 [55 
32 1.300 77.641 66.500 0.56 1859 
33 1.500 77.041 60.790 0.86 155 
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Table 13. WAKE DISTRIBUTION DATA at fl, = 48.0, Y = 0.2ር 


NO x(in.) И (пу) Vy(nvs) OU DI 
1 -1.500 82.871 70.050 0.85 1.03 
2 -1.300 S? S71 70.050 0.85 1.04 
ን -1.100 82.8 | 70.010 0.84 0.99 
4 -0.900 32.871 69.790 0.84 1.08 
5 -0.700 92.871 69.520 0.84 1.03 
6 -0.600 82.640 69.330 0.84 1.06 
7 -0.500 32.640 68.980 0.83 1.16 
8 -0.450 82.640 68.530 0.83 1.15 
9 -0.400 32.640 68.790 0.83 1.30 
10 -0.350 82.640 68.580 0.83 1.34 
11 -0.300 82.640 69.120 0.84 1.53 
12 -0.250 32.640 05.500 0.83 1.94 
13 -0.200 82.640 68.580 0.83 Das 
14 -0,150 82.640 67.670 0.82 4.55 
15 -0.100 82.409 62.080 0.75 8.28 
16 -0.050 82.409 53.550 0.65 10.85 
17 0.000 82.409 40.640 0.49 11.21 
18 0.050 82.409 30.630 0.37 10.99 
19 0.100 82.409 23.230 0.28 10.46 
20 0.150 82.109 19.320 0.24 11. 14 
21 0.200 62.17) 20.350 0.25 11.53 
22 0.250 82.177 24.280 0.30 12.45 
D 0.300 92177 27.240 0.33 [2.26 
24 0.350 Sl 32.210 0.39 12.70 
25 0.400 57 [7] 36.740 0.45 11.15 
26 0.450 Вр ии 38.890 0.47 11.91 
2] 0.500 Sal И 42.810 52 11.03 
23 0.600 82.177 50.830 0.62 9.74 
29 0.700 921707 58.040 0.71 8.68 
30 0.800 82.177 65.470 0.80 5.68 
3l 1.000 ROI 69.120 0.84 1.81 
32 1.200 ВОИ 68.700 0.84 120 
33 1.400 82.177 63.850 0.84 1.20 
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APPENDIX B. CALCULATION OF DIMENSIONLESS PARAMETERS 


Ihe inlet velocity was made dimensionless by dividing by total velocity F, which is 
given by 
an О 


where 7, 1s the total temperature and C, is the specific heat at constant pressure. 
Then the dimensionless velocity X ıs given by; 


— 
F 


The relationship between dimensionless velocity and temperature ratio is given for 


a perfect gas [Ref. 8]. 


E m 
Е: Á 


Whereas, in terms of Mach number; 


CS 
f 
ሮታ ጨ ይሔ =>: 


ን 


4 


Í, 2 
E - [ -- M 


Therefore, the relationship between Mach number and dimensionless velocity is 





The Reynold’s number 1s given by 
ሮ > " 
where p ts the density of the fluid calculated from inlet flow conditions using the perfect 


gas equation of state, 
Vi is the inlet [low velocity, 
C is the chord length of the blade, 
и 15 Ше viscosity. 


44 


LIST OF REFERENCES 


Ilobbs, D.E. and Weingold, H.D., Developement of Controlled Diffusion Airfoils For 
Multistage Compressor Applications, Journal of Engineering For Gas Turbines and 
Power, v. 106, pp. 271-278, April 1984. 


Nasa Technical Memorandum 82763, The Use of Optimization Techniques to Design 
Conipressor Blading, by N.L. Sanger, Lewis Research Center, Clevand, Ohio, 1982. 


Koyuncu, Y., Report of Tests of A Compressor Configuration of Controlled Diffusion 
Dlading, M.S. Thesis, Naval Postgraduate School, Monterey, California, March 
1984. 


Sanger, N. L. and Shreeve, R. P., Comparision of Calculated und Experimental 
Cascade Performance for Controlled Diffusion Compressor Stator Blading , Journal 
of Turbomachinery, v.108, pp. 42-50, July 1986. 


Dreon, J. W., Controlled Diffusion Compressor Blade Wake Measurements, M.S. 
Thesis, Naval Postgraduate School, Monterey, California, September 1986. 


Elazar, Y., A Mapping of the Flow Behavior in a Controlled Diffusion Compressor 
Cascade Using Laser Doppler Velocimetry and Preliminary Evaluation of Codes for 
the Prediction of Stall, Ph.D. Dissertation, Naval Postgraduate School, Monterey, 
California, March 1988. 


TSI Company, IFA 100 Intelligent Flow Analyzer Instruction Manual , 1983. 
NPS Technical Report 57Sf73071A, Calibration of Flow Nozzels Using Traversing 


Pitot-Static Probes, by Shreeve, R. P., Naval Postgraduate School, Monterey, 
California. 


45 


tJ 


6. 


11 


INITIAL DISTRIBUTION LIST 
NO. Copics 


Defense Technical Information Center 2 
Cameron Station 
Alexandria, VA 22304-6145 


Librarv, Code 0142 2 
Naval Posteraduate Schogi 
Monterey, CA. 93943-5002 


Naval Air Systems ۵ 1 
Washington, D.C. 20361 
Attention: Code AIR 931E 


Naval Air Systems Command | 
Washington, D.C. 20361 
Attention: Code AIR 93D 


Naval Air Systems Command 4 
Washington. D.C. 20561 
Attention: Code AIR 5004 


Olfice of Naval Research | 
SUS Ole Seal 

Arlington, Virgina 22217 

Attention: Dr. Jack Hansen 


Commanding Officer І 
Naval Air Propulsion Center 

Trenton, NJ 08628 

Attention: G. Mangano, PE-31 


Department Chairman.Code 67 1 
Department of Acronautics 

Naval Postgraduate School 

Monterey, CA 93943 


Director, Turbopropulsion Laboratory,Code 67Sf 10 
Department of Aeronautics 

Naval Postgraduate School 

Monterey,CA 93943 


Lv. K. K omutanligi 1 
Ogretim ve Egitim Daire Rsk.ligt 

Bakanlıklar-Ankara /FURKEY 

llava Harp Okulu Kutuphanesi 1 
\esilyurt-ISTANBUL /TURKEY 


46 


Istanbul Teknik Universitesi 
Kutuphanest 
Istanbul TURKEY 


]10 17101 Unisersitesi 
۵۹ 
[stanbul- TURKEY 


Orta Dogu Tekmk Universitesi 
Kutuphanest 
ከ 11111 I KEY 


тетп. Adem Bardar 
ሽህ Cad NO 735 A 
Konva- TURKEY 


47 


































































= Den u u ee - ar длан + ` rr ای اس‎ 
A A AS TEA ЧИ СИТА 
AS вотот ESAE E Montrer ИГРИ 
Anê“ xifFa j ml q5 o f û 4:9: o ARA RA TAI вал 
О ЕР FUNDE ANGE ቴሩ መ ር: ле 
I AA pa Л A." nu ፕሮም ን ኖም ገሻ f Pan РЕ Я ۱ 
مق‎ ታዱ مرچ‎ የዮ, РУМИ = 
UY Çi አፈ ብ [Л 

ር መክ) pem | f ofit o (80 404 TO цо 0 1 
ት ም a ምፕ ትንና ንት ገን ይ. ሚር ክና ናን ን Rue Te" 
онаа бев tI, ዱን ረና An CA ከ... ናፕ TT "TITTEN 
URP SERÊ Bı ТОА УЧЕ РУТА ኦያ UP EL II A pte П ДЕ E T SAA RO 
A EEE he Ai Ernie T «bo... nû û e DEDA Bı 
ی ی‎ КД I ЛШ) . РЕА 
هه‎ Јов КЕ он СТ ЕЗ ВА од АА Код Пула а га МЕНО ЛАА ОТА ТИСИ EI TEN SR ES E T 
in LI ILE 고스 ОИСИ ra " 
er eee Ue СЕ И ТЕТ ጊን O roe ተ ተገግ РА 
ПЕАТ ከእ ii V sdb epe መጃ LEE ደ ዋጣ ትንና ግ ግት | 

ELO ALPE А ТИМО СО РИ AA Em 






















thesB2465 | | 
Hot-wire measurements of compressor blad Ри | i 


| | | | | (HIHI | m Wd [ IE IHR] ! Li 3 | Tw 
۱۱۱۱۱۱ $$ 
j | | | ù | Но 
ШІ |1 11 11] | | III Î r зб 


































































































































































































































































































































































































































































































































































































































eee eT ye TE SITE TI SEE TE А От ИРА ТТ ae Ye A i | 
РС С АТР АТМ РТР Гр Иж И: f.93A 857,6 n6. nog Aia AI uw „U ПУТА í у ۵ ۰ ы L 
ዉዳወወ:##፡ጫይ 5 #.ሐቼ ሀደ ДЕТЕ 00n J û 9 ፃነ ИТ У А ЛОЛЕ, ДТД ТЕТТЕ ЕГЕР L ' А И 
MP ZÊ МАЛ I er, ељагъу ee ДОМ ስ... ገደ) ЖҮ ' Г fu . 1 , Û 
al Да ተል 날기] tS y f ub sta LETT ን ፐን ብኝ ዛቦ ҮТ 161 [] Û ፡ ያ 
ለጠ.) ገያ ገ ገገገ ስ ገ ТЫ ን ТОР Ра ie rn A A ' er LE LA e ARÊ 
تن‎ ም ማቸ የሳ. ሰ ፈጀ እንግ? ማጥ ር ን ን А РО СИ OET Қ .. Û r 
A ት 1J &? : # oe ı û. 해고 М ы DUDLEY KNOX LIBRARY š y | ' 
رید‎ LI RITIUY TIPS nu vedo fs aste г Й . Û Pan ' р ' ( 
awe: ET a ТЕР КАН ки ‘i EX Е: "hn mr А ۱ Й 
А ОГА КГ Р С ТОР ГАТА n . en - Û .. D ¬ Û 
ОТЕУ CHAS eru ~" ፇጽችን [Күү De T w ar ЗЕ с 1 \ Û E <. р '. > 
Т Ба ЕУГЕН A г " ' ۰4 за £ - $. ' чор ја 8 1 Û Û 
m n NR ቸን ግ ናቸ ዊም) АБЦ ДРЕА ۱ T 19 ци беа. ٩ به‎ ٩ ۰ 4 የ тег ЛЕЛ Ше , Û б, 
LII ILLE | áð Печ 4) L> de ıl. das НР Рыбу ۱.4 ۱ ۰۷۷۰ ۱ | TEDE EE] е, a Mû) L Ж] D ' 0 ' Û Й Г 
ባሬ መ E ALLS ett ና ምግ ም ብቦ ዋሞ ጣና ҰШТЫҒЫ” ИЧИГ ПЕКАТ ТИ, Бин ' .” ont ae os ማህ ሥኒ 
L ና ት ыы тет ТТР ግን ቅ ም ም ም ም ንባ ИГЕ АР А, Ручний го СИН ЈЕ Û T ۰ و‎ и перо 
ns rn ылын ы ПАРИ ЧТ ТИРА ИРА aI НО are ЖЕЛМЕ ۰۱ Ы фа ۱ ۰ 1 у #1 
ы A E РО СЛ ЛОТ ДСО Û да пара", о.» + k PORT EL 4 » 3 ! . “a я Û 
A a LLL ee ነ Со СЕРИИ ЧИСТ a Див ИСУ "awe 14 HIT WE ' А Û 
` N Û so, ፲ (ረ፥ለ*5፤ ዊ Í 2 «ft А ' , / ከ | si . Е 
NE ደየ ፡ t t 1,51 ho} * GK ' ያ p 4 + + £ ፥ 
: A Ч " $i 88. * | ㆍ D h П П ' О D Û ' 
LI Tr IIT M CLET mr ae АРЕ UA ۲ A [IT] ፦ 3 1u Г И. 0 9 میب‎ FT ۲ JUR. mn.» L ач n | 1 
ИРА e y EII ИАЕА A ES AA] ФЕ АТ 0 وه > و۰0‎ ۱ ۱۹۷۱۱۱۱۱۸6 ۵9۱۱۸۸۹ , fag as PITT 4 A b 1 ۱ Û 
bebe nr ይ JU 1 ዳን ንግ ПАТИ ОР РАЧУНАР И Кај седа ќе! ЛТ %0 ne ља РНК НИТ ЯН бач 8 T ç т П 1 f 7 
ДА ПРУ ЛОРИ etd luis Pl ee TTI eer ae ОР Það 102) Келте qm к ۳ ፡ "ያ зе 9 ۰ و‎ р ۰ А à An а 
РАИ ПИ ПРО ЕРУ БЕЛА КА SP T ee Kat ET ОРГ А "MT r ЖАРИЯ” 4 r 4 í П finid " 4 û T 
A A AR AR A ин ‹ UT КҮҮ АА ТИР ОА И РИО .. Ah a .. т й 
4 ዎዎዕ # ያክ « ወያ።መ ሠ» መቐ መ=. 6 ጆ«፡ TW AP enr РР A Ия А à Boð mp WU A kal lk е SL A uo ነ š Û ' 
ያ ሞም ሚሚ ቸም ማናቸ ትዳ ዛን РИЧИ E ARO и ах 4 и a ۹ 0 
LLEVE З бока „А сега. қ aaa ia! aha da ' ፥ P Û t Г 
A BEE REIN A *" AVERTIR S Fu) و‎ > ۳ = D Al N 
ш eid РРА УРА ui Р Й E oF ኮዱ ۶و۱‎ ٩ ㆍ on идиш: П ae ፈ Е П ያ ы 
مد‎ ander о одат да, abe benê ке erat ot ary ee ра Shere ~ | И ۳۳ و‎ й ሻክ Á 
КЕ AAA ር РО ОВ АИ РЕТКИ НТ МР ገግ ОО АННИ RI 0 « TIMERE Û й 
ی‎ 55 чь AA А) ТСЕ ГЫ мали ptr PRA рвы: .... Пре ГА K ረ. к ЗАЛЕ - АЈ М, " e er T we Lı i М X Па Ae ግረ] ы Es " ще x 
adm E ome m ር ከ መ ር rund Eo een ПО ТРОЕ СОР ЛЛ E M a fn zê ЈАЈ = ме: Û Û Е . í Û ; 
mg ባከ ባይ በበ АЛА МЫНАНЫ ት E ALE E ፍ ችንም er اج‎ a 9 T COP А акт пар ко D Û ' ۶ А у «и 
ati bud ی و وی‎ и ЧЕ ተ መፈ... ይር. ደ له ۰۰۱۱9 با‎ 1۰0 ۷ ۰۰۱ 0 П ^ Г. Й  .. u... П 1 û 
а Г ንጎ و چم :و ۷ ۰۶ ۱ وه‎ x i Û d Б сух i 
bia ak bua devl e ረች ሃዋ У ÁA ሁሎ = ЗА ^n ЫНЫ ў је E Pan у 
ПР edP E ትገ ዓዓ hE et " ү тА pps a A TIN Nd یا‎ И s- у d 
Тр er IIS meme А ሣይ т a nr ы ' [ONE ! . 
БР ی‎ РРО Р Пи ру አብ በመ 4 [LUTTE 2 я АА ОГ Е a E 4! PA Др Я Û መጅ ገ ча қ A ' ' Е Û р 
~ አደር በ በ.) ሎቹ РАДА ХЫ ' Та ЕГЕ РУ Lo La ጃር ያ E ይቪ. у Û ' 
Й А ም ክን К И )اد‎ ۰ ТЕ, re i) ዘ ጠቅ TE $0704 + ㄴ ۱ ۰ Û і " ۱ 
ኮይ.“ ata TALLER nie Ue kT RO 4! 4 44 жш . a ПЕТЕ ЈЕ 1? 1.) d d ы ፔ Û ' E г ۰ 
LE es tn ГЕТ ለኛና ም ግን ን የ at $ 6f TIN TTE n f ғ... .. Û 1 Г Û ۰ ። 1 Й " Û 1 а Û . Й 
р Пит d Pe ШАИРИ РБ АЛИТ ПЛР РО وم د اء 1 عي‎ 3 одеа ፡፡ 8 1፣፣ D Lig. ۰ Р те Û 
e A AA TTS БЕРТРАН ИНТЕЛ nd Dar. А ^ "ok q PL А р ገሽ "en е, y 
n it A S a PPP POP Qu DE КУ | 소여 a i "Ww r ۲ ta 1 А є у у T E 
~ AAA ARA NAAA РА t] watt Rods Og "um «м % by РЕ A T ۱ ۰ ۰ Û t} Й у ን 
D i ይ) ИРА ubl ОО ር 가가 건 PET T ги чо Û Û 828 9 Gs ~ ù ğ 
Rr ыл ыы ЧЛЕНЫ ЭЧИК АРЫ А-А-А E yara dM тА. Е a НЕ ОР 1 i b і 
RI о Р РРА И ОРИ РА ЖНА HA IE DT تا‎ ሚክ ገቺ 2 - ~ < [000 Av ' 
ሚመ ር ም Wesadê ê semed ПА AD a መ. ር. FAO EIS ግዙ .. Lc ið - 4 5 Me І у УГЕ ; 
E raa a. PUES delta d ДО ê Û sê ССИ ASIN Ma ДЫГЫ ደ Как иы. А ра Á 
adit uberi ej Vê hê adi. sakað PTEN РРО РН РЯ РИ Ж t ПАН sË bc зу О Й NE ۰ .. zm А | й 
ت یا س‎ Ed e d ል IPR ERRATA AAA T АЛЕТ К ЛЕГИ. # እ.  41፤ .7 ens боз р ㆍ ѓ .. ы 5 ሽሸ ። 
ی‎ LTT ROO O ET ETT TOTS РНЕ РИМЕ از ه‎ ۰ ۰ "aur А са 8 ue т ۰ JM ር Fk P 
Во све ы AS PATATA ЖИЕ КҮҮ | Û 44404 ЖЕГІ пазя زان‎ e жи , 
سا‎ sî wî d LI P bı e û sa мб СОК PY ИРАН РОДИ А И wes. ril "ይ oa , tt) Pops eye sce gt а дади «x OPI Ter CO í А | 4 ; 
ን a aie ee ም У | ip ЛО ГОР የ ደ А MTS T злите РИС по: 12. "4 በሺ. "am š | WE і - = 5 ы 
m PI РЕЈ ТОРТА ЧАШ У ር ፲ Ср), ГИТ уч. ane i 7 men N " መን | 
ВР рН РР ГО ዋቸ 7 me dna »رو‎ 4 E š у зб i 
nen MEETS 르기 S е T м ту Й ' i ' 1 Б A 
2 ۰ Va x 4 xs А Р F3 . ' à П . 2 እ E ы .1 Û 
Hîzan Ша n sis # ~ d . 
| wet Ft. Я вало ۰ Û A ۰ Ц .. С - . 
ы ከ ከ) ~ + ПРА ДЕРЕТА 2. "ነ Т: ы EM TE d A T] sone А ۰ ያ + de 
ТГ ት ምንማ መመ መን ኝን ማሽ NE TT AI | ۸۰۸, ۵ +۰۶ тС 4 ras P Û PED ' р Е 
Cot MUAY RA прев 3 у Лу ома“ Б СРЕ m AL یم‎ m 1 | 
4 MEANS AE ደ ያኖ КЕ ጐተት РЕГ РТР ጠም - Û у 
НЫ. و‎ ED МЕРУ" МР РАДУ ЛЕ ረ ምቹ : з ~ i 
at om УСТА А И LIP s SY U Á 2$ t P " | Е у 
ብ کے گے ےچ اھ‎ бу реси #67 Ра O" رن‎ .., ሚም á í 1 E Û 
ፓሪ речи Ке ን ED тИ AO PT Й О ЕСЕ R A | ' . ۰ 
A бб o ыб г 7 የነው J 24. ra ES қ Á ን ice ' 
з | ” , LI О ㆍ г 
4 $ .. ۰ 4 Г , ' a 
« ㆍ О ti 
TJ ۰ [4 . 
- # ፤ ዞ LI = % 1 = 
..ወ ፣ ' £ ۰ Û P А "WT Е 
ፔፔ ይሽ ሥም ы d u D , у M - e 
FIG" ги Pen ді ۳ t «То Пи. ۰ 1 НА P ws " Û 
... Û “ Û ы ㆍ E , 
РЕ <. Û yews e te 7 1 7 Û қ ' 
Pi я r . & ' ... А ' " 
" of 3 ۰ . 4 0 П # 
< . . 
' m T * ቀ 1 . 
Û 3 ' Las ы ' 
с Р .. e Û "ія Й Û E 
t - áð Û 4 Û 
و“‎ га б | d ub 
" г - Û 
| А L] 
А і ер n 0 ^ й 
г А 0 in» , s 
й " 
و‎ о ፥ er 
y Panî A П " 
ተይ ልክ "го П . r ” ፥ б ሜን 
ㆍ .. . ㆍ 
2? . ቆ # 
‚ 4 1 М Ld Û 
A) , Р r 0 ' 
а . qm я 
* . ' ' Û 
T" А Я - ۳ Û e 
БАСЕН ㆍ г ‘ Û Û 1 
М р е е у - ፡ EA 
ПА ИРА d i j 
አው 0ጭ 2:9 " n 16 | О ወ Û . 
። 4 а 4 ' 
р " ' 
4 я | 
ነ n " р 
А И 1 = 0 Û 
а ለ LI ' 
А 1! .“ # 
27 Li ۰ ы Û ጾ 
ru ۲ . 
H „* ። Li ۳ L] 
1 
", E ” 
E " 1 3 
د‎ oe 1 r1 Û j 4 i 
Pa >, AL ÊS gv kêre mı jê a Fe Û Mada) Û P 7 1 
x. «ወ ጦን፦ቅ % Ж ን a ። 
ማሚ ንያ ስ roe м = Ts Û 1 = 
E di ኣም ኣ 
Ars IO учня ; ` ር ወነ። ኢንቶያ፡ re. c NS ` T ኦ Nc Я Û T Û я 
A TEA E EDT "ን. ECT ና ብ ቀሳ ባቸ pi SN i з ~ 
Вие и и ae አሚን ያክ ኤቲ ፈርማ “ ы 
me nm nm ^ SETHE Pres . О . ። 
FUE ET “ዚዳ ላፊ ? hı diê 2 E ' ј 
በጊ چا ی‎ ı z | В ra Wwe 27 "ри! N ; 
부나 본 መደ Á иди እ አ ተሎ ረ. ተ ጨር ን ካል Shi Б Б k 
ود ای‎ akele ት ል ትች ባውን ва Бој ера አሚ Tet Née gm p i DE. Nr | Ago ፆ PIA, А в Доу а ب‎ 
rw c ወፍ а P ыста ұйы АРЫ N mee ug e P Pee ane t ob Ro Gir © . 41. Ë у 
А олы ELA Ж З. یا‎ de de 95 іе, 2, 242 Тұла АА КЫДЫ а id . с ነ Û ; 
anp қ ыт» ШЫТ», я e И ПИР МЕРИ РАУЛ ЗЛИ CE 2ç г 3 ና , 
онан Le ሎና ለ dêwên Ps a rua n dir: Еа але Ги 0 ah ekato A ናኑ) 3 Ta Я - 
mA bı былар a u АИА setir Á a Sp a a MAA ልና h Û Ж ч E 
иш шылый ыда. шал ЧА ОИ НА ы ы. د‎ 'S 5 %n Sp б а a any ê 4 e " uu 
ta nûnan a o o ines i LE MM ` Я "š * > 
Û Lê DE e dn Da DD e ej XY ay a ч پلا ا‎ боди оо di ااا‎ ДА А ۰ 1 ㆍ 
E " > А А а ка во ብዬ ከ ት MA 5 ۳ + [ MET É 
1 사서 Maar daha ts hes eae и ERÊ kak Sade Ah dıl? telê de e y р tun ы 
Died Ger iue An ካኝ ይ ገ የ ይዊ ወቸ ЕЕЕ DUI Ue и ^ d У ua T 
йа ылы а a e ri AI ad Ln и Lala ССИ Tr У AÐ 5 ЁЁ P I 
hs. жай» | in мыш Fue ~ E ДАГ Ќе | МА ያ LX መይ Á m S ۳ y vs ግ š 84 x Li 3 
ењ ide lb њи Le) al n ah EL A ahr : í “а i i ۰ 
лечи ዲመ Зад بت‎ eR e Beso ir rd Аааа ih hans Ta Pr Da АҚЫ, мету ће Чет чи en j ды à 
талы Tn du a Аы ጨረ АА а ЗАЕВА ОН РАНА pa Ja is Кодот ЗА DEN КАА ТИ M 5 " n የ < 3 Û 
о а Ра а сако добри d inb vade ki О LT ጭዲ፣። ы» Шараны; I x H Р б ' ۰ 
қайы кі ја ok Ad eld Þá ችየ ሕያ ልያ a Í ГЕТ = ኔ Ê В š n А 
же ПАО o E Таа ғы: мас ат мна d m ПИ ЕА Уч 3 ۱ 2 T А ^ я ۱ A n 1 
Fur a Á بر چا ییا‎ Neid pon ሐጣ ETE bi аа Та. мач ет че час оди сан Й " м ” 
አሉ) iode Tab Ы جر‎ TN РА ЈЕ А АО ЕГО ۳۹ Т ' e 
Ed O reU deles nei 기 о крка, > 5 Мы IET INA v ነ S h “. MÛ) A " Я Y 
қ арти در‎ አ) ы NE ከ ሐ ረ 전 고, Aj kan ees oe ue ПЕ Ê EM ч ኒ ۳ ም 1 П 
О ê Dai Motta, hh UE e p. Vp ton ВТА) یو وس‎ Ма de hegre А чую тоб EE Фи Теме T + Я ኘ А И 
и моји dai пи јаз пеј ee a he A ПО Р 이 재래, 오오오 Tu — 5 ፤ የሚም 
" 1 échelle T ሰ ስያ ይ ረ ር. ve ed e dy ARA IRA 0 TT ነ Á 1 á 
اج سا زوا وه‎ Еди ора VA aa reat de Ln pal cu 시소 ነጹ РР о AR ee Rd t 5 Г 2 ۰ 
یی‎ ль ፈር CLL Уы НЫ РЕГИНА و ول‎ AE р ms 1 ۱ ۱ j 
የግፍ. ር ርር У а at ли сакоа Ы. 2.2448 асы Ы Како vids a ОК РУ У ናዊ Pr А Û 47 E 1 сон 
reo о ی‎ АЫ ыр PD P мек зе "ы са руне 5 j < M а a iR: û # E à . 
сура ትሉ ከፍና ቁሩ ከና ር بر زو مه‎ de ከሎ ተሽ ባት ት ТҮ ት и ۹ Ai» CET CE zk en Й ~ Ы 
ው ከውን ስር ተዕ ው a A Di apo یا ددم سک‎ nn У Lure tM She, ENR ትላ е Mm i BN 54 اج‎ б ን P A г 
ከክሱ ኣወ ед id Ir cfe dt ተቄ ካጣ Mo M ሑል E EA A A A пате P m Û Ps і Џ M | 
ым 이 Н А Ао А Ба Чаа. ትካ ንት መም ም. М "h^ 4 ነ 
gr ida riot дайы шақы МАТ, ы ТЫ, Re 6. ፍለ да 미수 이서 Rm m ትክክ በት РЕ НО & v 2% 
о ed А и ከ la ла қа Мал ТА t له با چا‎ АЕ И ን ее? ФЪН n nA "NIA e Û г 
Pen mios ke dein uiris و‎ Рі Нена ra ti = ሸሽ R и ۳ E ~ Û 
марс ы چ یازجا‎ и ма A tn Di ы Ba ach па ok bk alle, lo ea he idea tee А ча АР Н ЫНАА ኮሪ Рес Зе = y š ۰ р 
ль ት ከዕጣ: 기 j ka Аы есіледі bie tikes gale a IR А-АА ЫН ETE LIT А my: В 2 “ 0 м ۰ 
ቁ ቸው e на oe de biv bê dik Ludis a Sdn ኬት EN А РТ ЧИ ክ.ቆ ኬዜ te... to A М °. Û 
A Бн وی اس‎ КАМЕЊЕ РЛС Веч уж «а oa E 
Înê аа аа و وا‎ ክድ ቅው! እል በሕቁ Th dak ور‎ አሐ de A Gos É taha ђе цо A ግጥሙ я Û 
чума того Beto а еол ቢከ ያር ርሔ ት ам ЈАН رم و‎ M ad vro ን.) PT Û 
н аон ао а но а Б Вии a ата та СУ ° vsta Mm» ч 
¡CUERO ا ایا‎ и ai ed LA ds А а ትናት ረን ግሸ ሚን a PEE “е. ' у мол 
Li ፁ que wig m de ети ደ ር ЕЕ БЕЧ vera su ۰ 6 rn А اد‎ А pee AA T = = 
н о А а ET TEE ар Nl AA re қызылы موجه وه‎ Í ግ ል - р የ 
birds РР IA ከ با(‎ 일 АТА тағамын қамау a ት ት ТЫҚТЫ ы б % ы А H n 
ول سا ات الوا ول ی‎ ባሎ ы hth Kele ትተ ታሳ Wu S^ nevê ан EN ን ትበ Т T 4 ГЕ + 5 € 
سس وراج هت‎ одо оа е по ЗНАЈ АА Па Дејна و‎ dolet etie QI AS ችን ትች Р С. 1 | : 
ы p A ልጄ ኢዚ... ሚስ ጃኳ... v1 VN 1 " vareg %êvye ê9 xê г " 
تور سای بل این‎ Mr ی و‎ PN Te ee 577 CH Hp ug ЈА що rat ју ~ і " - > 1 А % 7 
ኤው ከአ kı êra deke ê АЈА ab t ый 10 وم ما‎ UT 0 ed aoo e (on ` Ê ㆍ 
ана A A dv ra ry мата dı do A etn dd ld ት N 4992 - Аты пе Ма Ë u 
іі hulinn ቤስ 시 새시 LA GÊ 시 오시 열고 ልሉ 24 Sêda ar | ЧЕЧ MEAN e ць д አ " ù 
hen AA th هر‎ Se а adi Maia i іній drid dl А occ e ar ۹ 
ыма ТАРТА አኤ ና ት Id, ን ሰ еее РР ны и ше," 
ET Жа A ks ВА тије ЈА: А Мо ና Је Ст ትም ተት вра D Û А ñ z 
ba « «o Qa a aa ክክ ከሱ АТОСУ АА ፈል ዓብ ኃ he Š t | 
ода АҚЫРДЫ АДЫ АА удар даи А Ла МА Дь АИ АВАРА ВА КО VU coop acg^irx 37076 v^Q Vete y 6 $ 4 E E У ል . у ` қ 
ላብ фес салық аа құ ҚАРА ስ IVY de ል а и па terr md) ናየ ትገሰ в ы 4 ኝ Û N ~ 
ا ی چ جب ریو و چ‎ Ио д ran nn НИ € 3 ч ; | 
а И ፈሳ л ed ኢተን! ተፈ de Ded Lim iii d Ата ДД АА АИИ ት W Y pe Arh а: 4 М ۳ = ы 
шур быыл IIA “ብ vilo ردان یف کی ہا کا‎ er оа کی چ‎ AR e ade Leder ta ed лије а И КАМ iy 1 ANS የ ዊ"ቅ 5 
чагыы ы ዛኑ dH p i و‎ ተሓ EEE RR N ST TE mann = VA $ ê nos М .-і ы Û А 5 
ው ውጅ ተ ы ተ በ t A ቁ ሃዳቴ፣»ዳዩዮ 49 НТ Jl u; ታክ ሰፈ. ኤን... P وی‎ "wr a ГІ ነ 7 M e i > Û 
اد ویو یپ هد ت‎ AR is ہر‎ batî i دب ا‎ А dae Ug Д Evê и ни ን ያካ ራቸ ቸክ ሌተ та RT 5 ИМ m n ' Û | 
ptr im ць Йо рома ln ін Jo اه‎ dik, ee de iD hl a Do AT Rd Po Mr d A. UPS MCN MO Mr ጋ T N š К 
Мыкыны ተ dia Р Р ГУ р КНЫН МАЛЫ ዒ ላህ 더 쓰노 oak " ы А ^ 
aid ete fo ir odit ራሕ ዳል ቅ iini A WI MA a А Ала НЫ Ален ану = i d 
Біль іван би јат аде ць Мана Ла d ዴላ ት ተት ውለ А tk дна Пе ја љут и А | 
амаа و‎ A و کا‎ ነቅ ام‎ Lt Lodi. а. а رن‎ ù А 5 
А НИНЫ N وی‎ "ምኒን om wt PAID vie 
А ክክ ሐ ስ. ርጋ Ab aq K али обе А-Ы] M ساب‎ do E ара Sree hr ла 4 ы, hy m ' u ۲ E 1 
ለሁ یهد مب‎ la ላው ex th tage እሲ LAUR REOR LI ACE REA PEE e D Зи ug‘ ጨራ Ad vta 4 (da е i ሺ.) . Û 
አይሎ ብትሪ ቀዬ هسب‎ Има ی ویب‎ ae ነ ካሎሪ СИНА. A-Á. + Ы e? ۰ ግ 
ATAN A ALA ተው و دی و‎ ንባባ ተ ቤተ ተ UA rr is me ana ul st 7 г у 
ТЕ Де ае пи три Palin ИДИ ol rahe ААО HD А, АҚ Û Ж ኝ 
RT وتا تچ‎ Ei Bodh ла el AA dl A A LA A . ч ы ۰ 
? aq мъ ላ "a арка ЈА ао ОС PAURA ама МИ au uL A dL E ፥ 
en ፍካ ለካስ Дыл pO veta 인 ቀነ ካባ Ц ታላ ЕКА над и. ና - ap بل‎ Дд) 
하노이 소소 іі рідна ویو‎ iio и ат а НА ia hA o о pet а c 
ከጨ አወፍ RETRO EEE RT DREIER ET А МЕ м ery | 
bby ck taba ak oat le ы ыы а кыды е ET FREE TEE TEE ERTL ART ቁ aw Ы y ~ ۱ 
льно зано bir iria erar ا‎ id ا‎ ААД А LL K a ya A ^T = зу i Ы у 
АИ: а ауа д qeralê w kala ва AA ы Ка ы ЫА УМ risqas Q AB ኑ г ። n 
aide EE dl io aaa a a ወ ው ár Mem. di Ed e Pe Re ahd ceed E CB ERE LE TE A s o и | 
АЈА کک‎ DA i (ሁኑ ከ “ኤው IT ITA d o ан U AZA We تا اش رز‎ ОС hk ВРЕВА ка "ул T, 
호서 가다 ie nh. d i іно А LR do doni An M ы.а АЕ ПО НА ЛУ Да DEP ER y i Pû 
ሰ ሚኩ ted ied da qeyê Je کا‎ МЕ КЕ ИАА Аре Sd тетъ ци - وش‎ А = - x ы 
DA ARAS ЛА АСК а аын а а лы 된 시 이이 아어 사이 a усте ү” н 
МАС spine IR, Ројал офи, дадено фе Конти O N A СИ ВХ ው ወመ ее ы ва > ኛ 
А ал Wy AQ ዱርዬ ተ AA A Dl E Р Te | inven eee розу у ù 
“ሰ. drei ሐክ) ተድ ዳዓ ሀት Ai niyê ДА bu иу А "ата Фуа oP N. Er Y vr > ы. ° u °6 toe s M i 
ው በሎ Aa мај ил ни 시 дроби КИНЕ РЕ ОЧ ዓሥሩ መተው ውሽ dên q et На 
he ee ee) te ለ ПРЕ rs dr 56 ра тагат e ፈፈ ት ገ የት ባቸ ፈይ MA EDI htt: 1 1 
TTD LI MEME o) bid, dos diee A ፈጨ ፉሌ EEE Dr ር ፈሪ РИ ሰል кан родат ም n 1 • +. 
DU ኩረ ክክክ ር ва кај ሒል ሓሉ هکس سا‎ leis lie ie dy ML a fo ÛL < ÇÎKÊ Зета TE Ck % a Ho) OE oe š 
ПИР АТЕНЕ ОТ ПИАТ | о ተ а и ЊИМ ко A OR a ዋት ማ፡ жақы و‎ ми [e vo 1 "d = 
a А о а ин (d A А сад в лела АД - ۱ i 
RE do kalikên Bûbê VER RETTET EURE EDER TION ART Y meha асу የ у 
И tt rom y ПУ he Tat aes 전: А БАЦИ ни S ELT ke ጉብ ty. 4), ነ ጨ 
مه‎ е هر‎ ДАН а а АҚ, АЛЬ а ЕНН зи Мынаның al Û * - T ۹ [| 
Ww ery a ern e o aiee በተር ርቆ ፡፡ Mi ddr û d Mua bet АНКЕ TN Pp LC hd сады р. እጭዔ 3 و‎ р 9, - 
ыы РАНА Хи 11224224 АЯ Ааа 기 АННА М - A 4 ту ላ ኣ Ы 
а а Фуа кымыз а Зои иу» ጣፉ” wQ w аа ин Ze at, je ОИК АДИ А te a A ውፁ ቁ ^ 
Aes A e A A A ed EI ИСА доа ур Виа КО ма 
: Ñ A 제시 U t SS K ото асыш ` ዳያ у 
м Мери Ара وه و‎ Рені ер г аа iu Le ЖАМАУ ሃና Û Р 
HL oaii ات‎ арр 4 ва da ONT á PG yt wei duris (aur reg y vo^ f y» лы ፤ Ë # t ‹ 





